The aim of this study was to evaluate the impact of aqueous extracts of stinging nettle (Urtica dioica L.) and field horsetail (Equisetum arvense L.) plants on the synthesis of compounds with antioxidant properties in germinating seeds. The seeds of alfalfa (Medicago sativa L.), dining lentil (Lens culinaris L.), mung bean (Vigna radiata L.) and quinoa (Chenopodium quinoa Willd.) were germinated for 72 hours. Germinating seeds were imbibed and daily soaked in aqueous stinging nettle and field horsetail plant extracts. We studied the influence of elicitation on the amount of dry matter, anthocyanins, leucoanthocyanins and catechins as well as vitamin C, P and antioxidant activity in germinated seeds. During germination, 34.21% more intense synthesis of anthocyanins occurred in quinoa seeds treated with stinging nettle extract solutions compared with those treated with water only. Under the influence of extracts, the content of vitamin C significantly increased only in lentils, treated with stinging nettle extract by 40.65 mg 100 g -1 fresh weight (FW) and field horsetail extract by 42.48 mg 100 g -1 FW, while in mung beans the increase was noticed after treatment with field horsetail extract (by 62.4 mg 100 g -1 ). Plant extract solutions did not have statistically significant impact on vitamin P (rutin) accumulation in germinated seeds. However, a trend towards P increase was observed in all germinated seeds, except for alfalfa. Germinated alfalfa seeds and mung beans were characterized by the highest antioxidant activity.
Introduction
Germinated seeds may be used for the development of innovative products. Extensive breakdown of seed-storage compounds and synthesis of structural proteins and other cell components take place during the germination. During this process, an important role is played by the movement of metabolites from the tissues that have accumulated reserve substances into the growing (main) organs. During the germination process, bimolecular enzymatic reactions become more active, and starch, protein and fat are converted into simpler compounds (Yang et al., 2001) .
Germination is considered both simple and economical to improve the nutritive value of legumes by causing desirable changes in the nutrient availability, texture and organoleptic characteristics, increasing the levels of free amino acids, available carbohydrates, dietary fibre and bioactive antioxidative compounds (López-Amorós et al., 2006) .
Scientific publications conclude that sprouts have detoxifying properties, strengthen the human immune system and help eliminate free radicals from the body (Donkor et al., 2012) .
Germination starts when the dry seed begins to take up water and is completed when the embryonic axis elongates. At this point, reserves within the storage tissues of the seed are mobilised to support seedling growth. From the moment the seed breaks dormancy, protective responses emerge through the synthesis of phenolics and other compounds (Gharachorloo et al., 2012) .
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Approximately 8000 different structures of plant penolics are currently known. They are characterised by antioxidant properties and are recognized as secondary plant metabolites, thus comprising one of the largest groups of phytochemicals that can reduce the risk of chronic diseases (Ignat et al., 2011) . The quantity and composition of phenolic compounds depend on the seed species and germination conditions. Fernandez-Orozco et al. (2009) investigated the effect of germination on the improvement of the antioxidant properties of chickpeas. The results indicated that germination caused an increment in the total phenolic content, increased peroxyl radical-trapping capacity (16-55%). Phenolic contents of 7-day old sprouts ranged from 490 (lentils) to 5676 (mustards) mg chlorogenic acid equivalent (CAE) 100 g -1 dry matter. Increases in phenolics from dormant seed to 7-day old sprout differed among seeds from 2010% (mung beans) to 11% (kale).
Research results show that germinated edible seeds are an excellent source of dietary phenolic antioxidants (Yang et al., 2001; Cevallos-Casals, Cisneros-Zevallos, 2010) .
In plants, flavonoids are involved in a variety of important processes related to germination, growth and reproduction. These compounds and their derived pigments have contributed to shaping our knowledge of modern genetics, providing colourful tools to investigate a number of central plant problems, including the biology of transposons, the regulation of gene expression, gene silencing, and the organization of metabolic pathways (Grotewold, 2005) . The majority of them can be found in early sprouts, they differ not only in quantities, but also in composition. In addition to this, they are also characterised by antifungal, antimicrobial and antiviral effects (Cowan, 1999) . Anthocyanins (anthocyanidins with sugar moieties) are a large group of water-soluble compounds that belongs to a class of flavonoids and is characterised by a health-promoting effect. Leopoldini et al. (2011) research results supported the hypothesis that anthocyanin synthesis may allow the plant to develop resistance to a number of elicitor treatments by stimulation of the phenylalanine ammonia-lyase (PAL) pathway.
Elicitors are substances which induce physiological changes in the plant. Plants respond to these stressors by activating an array of mechanisms, similar to the defence responses to pathogen infections or environmental stimuli, affecting the plant metabolism and enhancing the synthesis of different classes of phytochemicals (Baenas et al., 2014; Dueñas et al., 2015) . Some plant extracts may function as a source of biological substances that stimulate the synthesis of compounds which have biologically active and health-promoting properties. Scientific studies have demonstrated that plants are able to recognise each other and can exchange information (Karban et al., 2000) . This communication among plants takes place in a molecular level, and the role of signalling molecules is played by particular bioflavonoids. Apparently, flavonoids contained in plant extracts help recognise the same compounds, which results in a more intensive development of early sprouts. Dueñas et al. (2009) reported that germination caused significant changes in the phenolic composition (increasing) due mainly to endogenous enzymes activation and the complex biochemical metabolism of seeds during this process.
As a biotic natural elicitor, oregano extract increased antioxidant activity estimated by beta-carotene assay of two and four days germinated fenugreek seeds (Randhir et al., 2004) . Elicitor solutions prepared of ascorbic acid and folic acid resulted in increase of total amount of phenolic compounds and antioxidant activity of germinated seeds (Burguieres et al., 2007) . Gawlik Dziki et al. (2013) elicited broccoli seeds using the extracts of Saccharomyces cerevisiae and S. daphnoides bark for improvement of nutraceutical value of broccoli sprouts and showed significant increase of the antioxidant properties of sprouts. The values of total phenolic compounds and antioxidant activity obtained for wheat sprouts elicited by S. daphnoides bark extract were in most cases significantly higher than those received for the control sample (Dziki et al., 2015) .
According to Garcia et al. (2012) , field horsetail contains phenolic acids (apigenin 5-O-glucoside, methyl esthers of protocatechuic, 5-O-caffeoyl shikimic acid, monocaffeoyl meso-tartaric acid, dicaffeoyl meso-tartaric acid), flavonoids (quercetin, isoquercetin, quercetin 3-O-glucoside, quercetin 3-O-(6″-O-malonylglucoside), kaempferol 3-O-glycoside), that are distinguished by antioxidant properties. What is more, there are also some potassium salts and alkaloids including nicotine, various organic acids and rare dicarboxylic acids. Stinging nettle contains the following flavonoids: kaempferol, isorhamnetin, quercetin, and their 3-rutinosides and 3-glycosides (Bucar et al., 2006) . Stinging nettle leaves are rich in vitamins such as C, the B group and K, micronutrients; they also contain iron which regulates the movement of K and Ca in cells, and calcium, potassium, sodium, magnesium, boron, silicon which stimulate the immune system, and chlorophyll which activates the growth of plants. Stinging nettle greatly absorbs minerals from the soil, especially iron as it contains vitamin C (Upton, 2013) . The chemical content of field horsetail and stinging nettle allows making assumptions that it may influence the synthesis of phytochemicals in germinating seeds.
The controlled short-time elicitation stresses, during the pre-harvest and post-harvest period, can be used as a tool by the fresh produce industry to obtain healthier products by enhancing their nutraceutical content (Baenas et al., 2014) . Therefore the aim of this study was to establish the impact of plant extracts on the synthesis of compounds with antioxidant properties in germinating seeds for food.
Materials and methods
The research was carried out over the period of 2014-2015 at the Faculty of Agronomy, Aleksandras Stulginskis University. One hundred grams of seeds of alfalfa (Medicago sativa L.), dining lentil (Lens culinaris L.), mung bean (Vigna radiata L.) and quinoa (Chenopodium quinoa Willd.) were germinated in four replications. All chemical analyses were performed in triplicate analytical replications from four biological samples. Before germination, the seeds were carefully sorted by removing impurities and cracked seeds.
For seed soaking and moistening the water (control treatment) and aqueous extracts of dried stinging nettle (Urtica dioica L.) and field horsetail (Equisetum arvense L.) were used. Production of plant extract solutions: 10 g of dried horsetails / nettles were brewed up with 1.0 litre of boiled water. The contents were boiled for five minutes and then cooled. Freshly prepared plant extracts were used for each moistening. The seeds were soaked for 12 h in water (control) / plant extract solutions where seeds / extract ratio was 1:4. Seeds were germinated for 72 h at 22°C in the dark in a 1 litre germinator "Bio-natura" (Poland) of 20 cm in diameter. During germination, the seeds were moistened with water (control) and plant extracts every 12 hours. The amount of dry matter (DM) in germinated seeds was determined by drying the samples at 105°C to a constant weight.
The concentration of the anthocyanin pigments was determined spectrophotometrically at 510 and 657 nm according to pH differential method with a spectrophotometer Shimadzu UV-3600 (Japan). The amount of anthocyanins was calculated as cyanidin-3-glucoside equivalents (Чупахина, Масленников, 2004) .
To determine the amount of leucoanthocyanins, the samples were ground to a homogeneous state in the presence of acidified 96° ethanol (20:1) with hydrochloric acid, the homogenate was centrifuged at 4500 g for 30 min. One millilitre of extract was added to the tubes with 19 ml of 5% HCl in n-butanol and shaken. The tubes were heated in a boiling water bath for 50 min and cooled. The amount of leucoanthocyanins was determined spectrophotometrically at 520 nm with a Shimadzu UV-3600 (Чупахина, Масленников, 2004) .
For determination of catechins, the samples were ground to a homogeneous state in the presence of acidified 96° ethanol (20:1) with hydrochloric acid, the homogenate was centrifuged at 5000 g for 10 min. One millilitre ml of extract was added to the tubes with 4 ml vanillyl reagent and hydrochloric acid (2.5 ml 5% alcoholic solution of vanillin with 47.5 ml HCl). Measurements were performed with a Shimadzu UV-3600 at 520 nm after 5 min (Чупахина, Масленников, 2004) .
Vitamin C and vitamin P (rutin) contents were determined by titrimetric methods using 2,6-dichlorophenolindophenol (ISO 6557-2:1984. Fruits, vegetables and derived products. Determination of ascorbic acid content. Part 2: Routine methods) and potassium permanganate, respectively (Чупахина, Масленников, 2004) .
The radical scavenging activity of the samples and fractions against α-diphenyl-β-picrylhydrazyl (DPPH) free radical was measured using the method of Yen and Chen (1995) . The DPPH radical scavenging activity of extracts was calculated from the standard curve of Trolox and expressed as micromoles of Trolox equivalents (TE) per gram of sample (μmol g -1 TE). Data were expressed as mean ± standard deviation (SD) of three experiments with three determinations which represent analytical measurement. The results were subjected to a one-way analysis of variance, and the least significant difference (LSD) using Fisher's test at a significance level of p < 0.05 was calculated. Statistical analysis was performed using software STATISTICA 10. The correlation-regression analysis was done to establish the nature and strength of the correlation between the variables.
Results and discussion
Sprouting of seeds can result in a decrease of total dry matter, an increase in total protein, a change in amino acid composition of the seeds, a decrease in starch content, an increase in sugars, a slight increase in crude fat and crude fibre, and slightly higher amounts of certain vitamins and minerals. During mitochondrial oxidation reactions, nutrients are broken down and biological energy is released (Chavan, Kadam, 1989) .
During germination, field horsetail and stinging nettle solutions slightly increased the content of dry matter in all seeds, except for dining lentil (Table 1) . During moistening of germinated seeds with field horsetail and stinging nettle solutions, the lowest content of dry matter was determined in alfalfa seeds and no significant difference was determined in other germinated seeds that were moistened with solutions. The content of dry matter was significantly higher by 3.62-4.19 percentage units in mung beans treated with plant extracts compared with the control treatment.
During germination, the content of anthocyanins in seeds was influenced by the species of seeds and the plant extracts used (Table 2) .
When moistening germinated seeds with plant extracts, a tendency of anthocyanin increase was observed compared to the control treatment. Upon water moistening, the highest content of anthocyanins was Note. Results are means ± standard deviation; for used extracts, the same small letter in the same row means no significant difference (P ≤ 0.05) and for seeds species, the same capital letter in the same column means no significant difference (P ≤ 0.05).
established in alfalfa, and the lowest content was found in mung bean seeds. The same tendency was observed when the seeds were moistened with stinging nettle and field horsetail solutions (Table 2 ). In mung bean and alfalfa seeds treated with field horsetail extract solution, the content of these compounds increased by 26.99% and 12.47%, respectively compared with the control
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The effect of stinging nettle and field horsetail extracts on the synthesis of biologically active compounds in germinated leguminous and quinoa seed treatment. During germination, quinoa seeds treated with stinging nettle and field horsetail extracts showed a more intensive anthocyanin synthesis compared with the control treatments, the difference being 34.21%. According to Paskó et al. (2009) , the content of anthocyanins in quinoa seeds is 120.4 mg 100 g DM. The seeds of the main commercial cultivars of quinoa are white or black in colour, quinoa grains may appear as yellow or redviolet and strong effort has been made to maintain and characterize the cultivars from the agronomical point of view (Gómez-Pando et al., 2010) . In this research, germinated quinoa seeds were with yellow coating that influenced such a big difference compared with Paskó et al. (2009) findings. Plant extracts used for moistening determined a more intensive synthesis of anthocyanins in all tested species of seeds, except for dining lentil (Table 2) . Elicitors can stimulate different classes of secondary metabolites and affect in a different way the concentration of these compounds, being more dependent on plant genetics (species and cultivars) than on the elicitor nature (Baenas et al., 2014) .
Accumulation of leucoanthocyanins in the seeds was determined by the species of seeds; when the seeds were treated only with water, the highest content of these compounds was found in mung beans and lentils, i.e. 60.09 and 68.82 mg 100 g -1 , respectively, while the lowest content was found in quinoa seeds, which was 28.68 mg 100 g -1 (Table 2) . Stinging nettle extract increased the amount of leucoanthocyanins in germinated quinoa and alfalfa seeds compared with the control treatments. In the seeds treated with field horsetail extract solution, the content of leucoanthocyanins varied from 31.41 to 64.73 mg 100 g -1 . The highest content of leucoanthocyanins was found in lentils; however, treatment with different extracts did not have significant impact. The content of leucoanthocyanins in quinoa seeds treated with stinging nettle extract was higher by 85.39% compared with the control treatment. Field horsetail extract had significant impact on the content of leucoanthocyanins in the germinated quinoa and alfalfa seeds. After treating the seeds with field horsetail extract, the contents of leucoanthocyanins in quinoa and alfalfa seeds increased by 9.52% and 29.19%, respectively.
There was not observed a clear tendency in leucoanthocyanin accumulation depending on the plant extracts used (Table 2) .
Catechins are a group of polyphenolic compounds belonging to flavonoid class whose high concentrations can be found in fresh tea leaves, red wine, broad beans, black grapes, apricots and strawberries. Biological properties of catechins include antibacterial, anticarcinogenic, antimutagenic activity as well as anti-inflammatory and antioxidant effect (Gadkaria, Balaramana, 2015) . In our study, the concentration of catechins in the tested species of seeds showed a statistically significant difference. Their highest contents were found in the seeds of bean family plants, lentils and mung beans -86.88 and 64.58 mg 100 g -1 , respectively (Table 3) . Table 1 The content of catechins in the seeds treated with stinging nettle and field horsetail extracts was influenced by genetic characteristics of the plant. The highest content of catechins was found in the quinoa seeds treated with the extracts of both plants (8.3-fold increase) compared with the control treatment. Stinging nettle extract solution decreased the content of catechins in the seeds of bean family plants: in mung beans -by 1.4 times and in lentils -by 2.1 times. Field horsetail extract solution statistically significantly increased the content of catechins in all the tested species of seeds, except for dining lentil, but the highest concentration of catechins was found in the control treatment (Table 3) . Rocha-Guzman et al. (2007) found out that, depending on the cultivar, the content of catechins in non-germinated bean seeds may vary from 11.23 to 16.94 mg g -1 in 50% methanol extract. According to FernandezOrozco et al. (2008), in germinating quinoa seeds, the content of catechins increased from 1.09 to 3.46 mg g -1 DM. Catechin content increased during elicitation with all investigated plant extracts with the exception of lentils and mung beans elicited with a stinging nettle extract (Table 3) .
Ascorbic acid is an important metabolite involved in many cellular processes, including cell division (Asard et al., 2003) . Ascorbate has been shown to play multiple roles in plant growth, such as cell division, cell wall expansion and other developmental processes. It can act as a coenzyme for numerous metabolic enzymes and has recently been shown to be a potent antioxidant. Intensity of vitamin C formation was determined by the plant species (Fig. 1) . The highest content of this compound was found in alfalfa seeds and the lowest one in quinoa seeds. The content of vitamin C did not differ significantly in the seeds of lentils and mung beans. Under the influence of extracts, the content of vitamin C increased statistically only in lentils (40.65 and 42.48 mg 100 g -1 , respectively), while in mung beans the increase was noticed after moistening with field horsetail extract (62.4 mg 100 g -1 ). -Orozco et al. (2008) have found that in germinating mung bean seeds, the content of vitamin C increased from 1.86 to 9.07 mg 100 g -1 DM. The tested seeds were germinated in the dark. The data of Asard et al. (2003) suggest that darkness could stimulate vitamin C formation, due to the increased amounts of reducing sugars resulting from enhanced amylolysis. What is more, organic acids present in stinging nettle and field horsetail could have also stimulated this process.
Fernandez
Research has shown that vitamin P (rutin) -flavonol glycoside has influence on vascular elasticity (Mukoda et al., 2001) . Rutin is a powerful antioxidant with anti-inflammatory activity, and exerts renalprotective effects on the ischemia / reperfusion induced renal injury, ethanol-induced gastric injury, has also anticonvulsant effects in the brain (Uivarosi et al., 2010) . The content of vitamin P in germinated seeds was not Note. For used extracts the same small letter means no significant difference (P ≤ 0.05) and for seed species the same capital letter means no significant difference (P ≤ 0.05); results are means ± standard deviation. fresh matter (FM) in germinated seeds statistically significantly influenced either by the plant species or by moistening of seeds with plant extract solutions (Fig. 2) . However, there was not observed a tendency towards its content increasing in all germinated seeds, except for alfalfa.
The content of vitamin P varied from 1.60 to 3.41 mg 100 g -1 in the seeds germinated for 72 hours. It is assumed that the slight increase may be associated with a more active vitamin synthesis which is necessary for the plant body due to the production of metabolic compounds. It is argued that buckwheat sprouts are a good source of these compounds as their content increases by 14.37-204.88% (from 11.68 to 35.61 mg g -1 DM) as compared to the content of rutin in non-germinated seeds (Kim et al., 2007) . Even though rutin is widely distributed in plants, its content is low in edible plant parts. Small quantities of this compound are found in cereals, quinoa and amaranth (Zhou et al., 2015) .
According to López-Amorós et al. (2006) , peas and beans undergo a significant increase in antioxidant activity after germination, whereas lentils show a decrease. Dueñas et al. (2009) has concluded that germination is a good process to produce significant changes in the amounts of antioxidant compounds.
Assessment of the antioxidant activity results of the biologically active compounds in germinated seeds using the DPPH method showed that alfalfa and mung beans were characterized by the highest antioxidant activity (Table 4) . We established positive influence of both plant extract solutions on the antioxidative capacity of the testes seed species compared with the control. Our studies showed that the greatest positive effect on the antioxidant activity of all tested seeds was exerted by the field horsetail extract solution. Its application resulted in significantly the highest (28.03 µmol g -1 TE) antioxidant activity of germinated quinoa seeds. While in germinated dining lentil seeds, the significant effect of plant extract solution was essentially the Table 4) . A weak positive relationship was established between the antioxidant activity, assayed by the DPPH method, and the contents of leucoanthocyanins, catechins and anthocyanins (respectively r = 0.430, r = 0.516, r = 0.425; p < 0.05). It is likely that a significant increase in antioxidant activity was associated with the composition of field horsetail extract. According to Cetojević-Simin et al. (2010) , field horsetail contains more than 10% inorganic substances (two-thirds of which are silicic acid and potassium salts). The results obtained suggest that the field horsetail extracts could be used as an easily accessible source of natural antioxidants and as potential phytochemicals (Cetojević-Simin et al., 2010 , Romano et al., 2013 . Frias et al. (2005) also have indicated that vitamin C increased sharply but gradually after germination and this processes caused a significant increase in Trolox equivalent antioxidant capacity (TEAC).
During seed sprouting, a multitude of biochemical processes take place, leading to radical changes in the composition of primary and secondary metabolites, which could result in a change of intrinsic phenolic compounds profile, and antioxidant activity (Jian et al., 2009) . Germination has been shown to be a very effective process to reduce antinutritional factors and increase bioactive phenolic compounds and antioxidant activities of seeds (Aguilera et al., 2013) . Good antioxidant activity, for example, in quinoa seeds, may also be attributed to the presence of vitamin C and tocopherols (Paśko et al., 2009; Tang et al., 2015) which also protects against oxidation of its fatty acids.
Conclusions
1. The solutions of stinging nettle (Urtica dioica L.) and field horsetail (Equisetum arvense L.) extracts promoted synthesis of anthocyanins in germinating quinoa (Chenopodium quinoa Willd.) seeds, while the solution of field horsetail extract stimulated vitamin C synthesis in mung bean (Vigna radiata L.) and dining lentil (Lens culinaris L.).
2. The solution of field horsetail extract significantly stimulated accumulation of catechins in the three out of the four tested species of seeds, except for dining lentil.
3. The application of solutions of plant extracts did not result in a significant increase in vitamin P (rutin) in all seeds, except for alfalfa (Medicago sativa L.).
4. The germinated alfalfa and mung bean seeds were characterized by the highest antioxidant activity. Table 1 
